Objective: To create a reference table of disability outcomes in multiple sclerosis (MS) that would enable patients to rank their disability relative to others' with similar disease duration and to develop a cost-effective research tool for comparing MS severity across patient populations and time periods.
The natural history of multiple sclerosis (MS) has been charted extensively, 1,2 but there are no easyto-use references of disability outcomes that would enable individual patients to determine how their disability compares to others with similar disease duration. Representation of disability outcomes as a table of mean ranks of Expanded Disability Status Scale (EDSS) scores in patients with comparable disease duration, the Global Multiple Sclerosis Severity Score (MSSS) Table, 3 has proven fruitful for epidemiologic studies, [4] [5] [6] [7] but as a reference for patients and clinicians, MSSS's utility is limited by the requirement for trained clinicians' assessment of EDSS score and lack of a simple, intuitive interpretation.
The aim of this work is to develop a patient-and clinician-friendly reference table of disability outcomes in MS, the Disability Expectancy Table ( DET). The reference cohort for DET derives from the North American Research Committee on Multiple Sclerosis (NARCOMS) Registry, a nearly 36,000-patient-strong volunteer registry that collects disability data on a validated Patient-Determined Disease Steps (PDDS) scale (appendix). 8, 9 DET displays maximum ranks (cumulative frequencies) of PDDS scores for disease durations of 0-45 years. DET allows easy determination of how a patient's disability compares to others with same disease duration.
To make our work more relevant for clinical researchers, we tabulate mean ranks of PDDS scores for each year of disease. The mean ranks, Patient-determined Multiple Sclerosis Severity Scores (P-MSSS), stand in the same relation to PDDS as MSSS does to EDSS. P-MSSS does not require clinician input and could become a practical and cost-effective alternative outcome measure for epidemiologic research.
METHODS The NARCOMS Registry has enrolled over 35,000 patients with self-reported diagnosis of MS from 1996 to present. 8 Participants complete the institutional review board-approved enrollment form offered online and on paper, which includes information on demographics, disease history, medication history, and disability as assessed with PDDS scale. 9 Key clinical elements of the registry have been validated in a random sample of participants [10] [11] [12] or by comparison to standardized scales. Only registrants with disease duration of 0-45 years at the time of initial PDDS were included; the number of patients with disease duration of .45 years was insufficient for statistical analyses.
Maximum ranks of PDDS scores (0-8) were calculated for each subgroup of NARCOMS enrollees with same disease duration. Maximum ranks were then divided by the number of patients within their disease duration strata to obtain the proportion (cumulative frequency) of patients whose disability is equal to or less than respective PDDS scores. We present cumulative frequencies of PDDS scores for years 0-45 from symptom onset in the DET. P-MSSS were derived using the same frequency-ranking algorithm as for MSSS. 3 In brief, within each year of disease duration, PDDS scores were ranked, and for each possible PDDS value (0-8), the average of the lowest and highest ranks was calculated. P-MSSS is the mean rank, expressed as deciles, of PDDS scores of patients with similar disease duration. To reduce stochastic fluctuations in estimation of mean ranks, each year was analyzed with 2 preceding and 2 subsequent years of disease duration (e.g., year 5 from symptom onset includes patients with disease duration of 3, 4, 5, 6, and 7 years). P-MSSS distributions during the first 45 years of disease are shown in the P-MSSS Table. RESULTS As of June 2011, the NARCOMS Registry contained records on 35,930 participants from the United States. Because of missing age at enrollment, age at symptom onset, PDDS, or disease duration .45 years, 8,012 NARCOMS enrollees were excluded from the study. The reference cohort consisted of 27,918 NARCOMS registrants, each contributing only their enrollment PDDS score to our analysis. Demographic and disease-related characteristics of this cohort are shown in the table.
The DET comprises 46 multicolored stripes. Each stripe represents a year from symptom onset, with year 0 at the top of the y-axis and year 45 at the bottom (figure 1). Stripes are divided into 9 segments corresponding to PDDS grades 0-8. PDDS segments are color-coded as explained in figure 1 . The outer boundary of PDDS segments on the x-axis corresponds to cumulative frequency of patients with disability score equal to or lower than the respective PDDS scores. Cumulative frequencies, in percent, are shown for all PDDS at the right of the corresponding segment (except for PDDS 5 8 segments which, by definition, have cumulative frequency of 100%). Use of the DET is illustrated in the legend to figure 1.
As can be seen from DET, the proportion of patients who reported being asymptomatic, or having minimal disease interference with daily function (PDDS of 0 and 1), falls rapidly from 63% in year 0 (outer boundary of peach-colored PDSS 5 1 segment in the top stripe) to 32% by the end of the first decade, and continues to decline, at a slower pace, to 8% after 45 years of disease. Similar trends were seen for the other mild-to-moderate PDDS scores. The proportion of patients who reported being able to walk without any ambulatory assistanceouter boundary of green-colored PDDS 5 3 segment in figure 1-decreased from 85% in year 0 to 60% at the end of the first decade, to 24% after 45 years. The proportion of those who recorded need for at least bilateral assistance to walk increased from 5% at year 0 to 13% at year 10 to 52% at year 45. Disability Expectancy Table   The The P-MSSS Table ( figure 2) displays disease duration-adjusted mean ranks of PDDS. Its format parallels that of the Global MSSS Table 3 to highlight the similarities between the two. The P-MSSS Table is comprised of 9 columns corresponding to PDDS grades 0-8, respectively, and 46 rows corresponding to years 0 to 45 from symptom onset. P-MSSS for every PDDS/year of disease is shown inside the box at the intersection of the 2 coordinates. The P-MSSS Table is color-coded using the same color scheme as MSSS, 3 with each decile of P-MSSS corresponding to a specific color (legend to figure 2 ). DISCUSSION The DET, based on nearly 28,000 individual patient registrations, affords a uniquely detailed representation of patient-rated disability outcomes in MS during the first 45 years of disease. The DET demonstrates that a considerable minority of patients perceive their disease as exerting a significant toll on their dayto-day functioning as early as the first few years after Patient-derived Multiple Sclerosis Severity Score Table   The format of this Table. onset. The proportion of patients with PDDS 5 3 ("MS does interfere with my activities, especially my walking; I can work a full day.") or worse reaches 50% after 15 years of disease and 75% after 45 years. If PDDS 5 3 is taken as an approximate disability benchmark beyond which most patients would find it difficult to maintain full-time employment, then it is understandable why only 43% of the NARCOMS cohort, whose mean disease duration was 17 years, were fully employed. Similar low rates of employment were documented in a recent National Multiple Sclerosis Society survey 13 15 recorded that 1.5% of respondents aged 18-64 years in the general population used a mobility device, while among NARCOMS enrollees, the proportion of mobility device users in the same age group was 45%, a 31-fold difference. In the 64 or older group, 14% of NHIS-D respondents used a mobility device, compared to 81% in NARCOMS, a 6-fold difference (data not shown).
The DET is based on a volunteer registry, and it is instructive to compare it with population-based natural history studies of MS (with the proviso that a comparison that relies on similar, but nonidentical scales-EDSS in the natural history studies and PDDS in NARCOMS-can only be regarded as an approximation). Mean time to obligate cane ("late cane," or PDDS 5 5) in NARCOMS was approximately 30 years, which is similar to time to obligate cane (EDSS 5 6) in 2 recent Canadian studies. 1 The proportion of patients with a "benign" disability score (PDDS # 1) after 20 years of disease was 18% in NARCOMS, which is nearly identical to "benign MS" prevalence in 2 population-based studies that used EDSS 5 2 as a cutoff of benignity. 16, 17 Notably, the proportion of benign patients in NARCOMS continued to decline after the second decade and reached its nadir of 8% after 45 years of disease. Continuous attrition of the "benign MS" group throughout the disease course was also observed in a 50-year follow-up of an incidence cohort from Gothenburg, Sweden, 17 and in studies from France, 18 Ireland, 19 and Canada. 20 We also carried out a more detailed comparison of distributions of mean ranks of PDDS (P-MSSS) in NARCOMS and mean ranks of EDSS (MSSS) in the Genetic Analysis of Multiple Sclerosis in Europeans (GAMES) consortium of European MS clinics, which served as the reference dataset for the MSSS Table. 3 Overall patterns of disability accumulation were very similar in the NARCOMS and GAMES datasets early on in the disease, but NARCOMS patients tended to have a milder disability profile compared to GAMES patients with increasing disease duration. 21 Milder disability of NARCOMS patients relative to GAMES patients later on in the disease may be a result of several factors: intrinsic changes in rate of disability accumulation in the mostly treated NARCOMS population, compared to untreated GAMES population; genetic difference between North American and European patients; and decreased enrollment of the most severely affected patients with longer disease duration in the NARCOMS compared to the GAMES dataset, creating mean rank inflation.
Similarities between NARCOMS and populationand clinic-based registries [21] [22] [23] [24] with respect to disability measures (time-to-cane, proportions of benign patients at 20-year mark, distribution of mean ranks of disability scores) and demographic characteristics (sex ratio, age at disease onset, employment rates) provide a measure of confidence that, notwithstanding selection bias inherent to a volunteer registry, the NARCOMS cohort is reasonably representative of the contemporary MS population at large, except, possibly, for the patients in the extreme end of the disability spectrum. The unexpectedly small proportion of bed-bound patients (PDDS 5 8) in the DET suggests that the older and more severely impaired patients are unlikely to selfenroll into NARCOMS. We surmise that the DET more accurately reflects disability outcomes among patients in the mild-to-moderate disability range, and may not be as useful for the most disabled patients. Another limitation of our study, which applies equally to population-based natural history studies, is that the scale employed to measure disability does not assess degree of cognitive impairment. Thus, the DET reflects only the physical disability outcomes in MS. Analyses of prevalence of self-rated impairment in 11 neurologic domains as a function of disease duration in NARCOMS registrants is presented elsewhere. 29 While maximum ranks of PDDS, displayed in the DET, can help patients and clinicians to better understand disease prognosis, mean ranks (P-MSSS) are more appropriate as an outcome measure in trials and observational studies. For statistical purposes, mean ranks are superior to maximum ranks (cumulative frequency) because, unlike maximum ranks, mean ranks are standardized for differences in the disease duration profiles of the subpopulations. As a result, the average of the mean ranks for all the patients in a subpopulation can be directly compared to the average of the mean ranks for all the patients in another subpopulation. In contrast, without proper adjustment, comparisons of average maximum ranks between subpopulations are confounded by differences in the distribution of patients among the corresponding disease duration categories of the subpopulations. This is in direct analogy with age-adjusted mortality rates where averages of the age-specific mortality rates in 2 populations are comparable only if the average in each population is weighted by the proportion of persons in each age category in the population. 25 P-MSSS may be used in epidemiologic studies in much the same way as MSSS: for comparing disability profiles in 2 different large databases 21 and study of calendar time trends in rates of disability accumulation. We have previously shown that MSSS scores in the New York State MS Consortium 6 and the MSBase 26 trend down throughout the enrollment period. A similar analysis using P-MSSS and the NARCOMS dataset is underway.
The DET represents a uniquely detailed overview of disability outcomes in a large MS cohort over several decades of disease. For patients with MS, the DET affords an opportunity to determine how their disability compares to others with similar disease duration and so provides context for more informed treatment decisionmaking, which is becoming increasingly complex with expansion of the therapeutic armamentarium in MS. For the clinical researcher, P-MSSS may prove useful as a practical and cost-effective outcome measure for comparing disability across different populations, and tracking disease progression and response to treatments in patient cohorts.
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